Abstract: NEUROPSI is a brief neuropsychologic battery developed to briefly assess a wide spectrum of cognitive functions. The aim of this study was to examine the applicability of a Portuguese version of this battery and verify the efficacy in detecting cognitive impairment in Alzheimer disease (AD) patients. NEUROPSI was applied to 75 elderly people, 25 patients with probable AD in mild stage (AD1), 25 patients in moderate stage (AD2), and 25 healthy elderly persons (control group), matched with the AD patients for age and schooling. Before testing all participants were applied the Mini-Mental State Examination. Results showed significant differences in total scores of the tests; NEUROPSI (P<0.001) and MiniMental State Examination (P<0.001), and the control group scored highest in both of the tests followed by groups AD1 and AD2. Differences were also found between the initial phase and the moderate phase. Results indicate that NEUROPSI is an efficient instrument for detecting AD patients in the initial stage of the disease.
A predictable increase in the prevalence of dementias throughout the aging populations in the world is foreseen, and the most frequent cause is Alzheimer disease (AD).
A number of scientifically sound and clinically relevant practical parameters for AD diagnosis have been developed and published in consensus form for use in different populations. [1] [2] [3] [4] [5] [6] Since then, considerable progress has been made in the identification of elderly people who are in the initial stage of the disease.
As cognitive decline, particularly memory impairment, is the most significant evidence for detecting AD patients, [7] [8] [9] neuropsychologic tests have been viewed as an essential part of initial diagnosis.
Although neuropsychologic testing is a useful approach, there are a number of problematic aspects when conducted in underdeveloped countries, for a number of reasons, particularly educational and cultural factors. [10] [11] [12] [13] [14] [15] Most studies relate to white populations in the northern hemisphere, usually with about 12 years of formal education. 16 The few investigations of the subject seem to indicate that cultural and educational aspects should be approached separately; whereas some studies found differences for education, but not for ethnicity, 17, 18 others showed differences even when the educational factor was controlled. 19 If these differences occur in groups that share common cultural antecedents and education models, it is quite likely that transposing the tests to other countries may introduce variables that are much more difficult to control. For some materials, a literal translation is sometimes not sufficient, and a high degree of freedom is required when adapting the tests to different cultural environments. For example, even asking for information about seasons of the year may be inappropriate in certain cultural contexts, as OstroskySolı´s et al 20 pointed out. In this respect, a different kind of approach is required, using tests with materials that are familiar from the cultural point of view, and items in which the influence of education can be minimized.
For Latin America, the problem is a little more complicated. In addition to cultural bias related to existing tests, professionals trained in this type of testing are not available in many places. Overburdened health services and the consequent pressure on time mean that prolonged testing is not feasible. Ideally, for Latin America, in addition to adapting tests from the cultural point of view, they should neither be as long as conventional batteries (eg, Luria-Nebraska or Wechsler Adult Intelligence Scale) nor as short as screening tests [eg, Mini-Mental State Examination (MMSE)], the former requiring training and long application time whereas the latter is inappropriate for both well and less educated people and nonspecific in relation to dementia.
Mexico. Application time is short (about 25 min), and the test is concise and reliable, providing initial or predictive diagnoses of cognitive alterations in populations with different levels of schooling, including illiterate persons. 11, 21 The battery includes high-validity neuropsychologic tests, and in some cases other tests were adapted to assess elderly and psychiatric patients population.
One of the aims of this study is to verify the applicability of a Portuguese version of this battery for AD patients.
METHODS

Subjects
A sample of 78 individuals, including 53 patients and 25 healthy controls, was selected for this study from a survey comprising 140 subjects. The patients were selected by the Behavioral Neurology Outpatients Clinic at Sa˜o Paulo Hospital, all diagnosed with ''probable Alzheimer Disease'' using the criteria of the National Institute of Neurological Disorders and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association 1 and the Diagnostic and Statistical Manual of Mental Disorders, 3rd edition. 22 Patients were tested using clinical-neurologic examinations comprising laboratory tests and imaging (computerized tomography and magnetic resonance) and neuropsychologic tests.
Severity of clinical state was assessed on the clinical dementia rating (CDR) scale, 23 applied by the medical staff. A clinical examination and semistructured interview were carried out previously and confirmed by an informant (eg, a family member). At the end, patients who presented CDR = 1 were selected in mild-stage (AD1) and patients who presented CDR = 2 in moderate-stage (AD2). All patients were using acetylcholinesterase inhibitors and 7 of them (2 AD1 and 5 AD2) had been treated with antipsychotics (to control behavioral alterations) before the experiment; 3 of the moderate AD subjects were removed from the study because they continued to present behavioral alterations at the time of evaluation.
The control group comprised volunteers from the community of the City of Sao Paulo recruited with the help of communication media (news papers, radio, etc). Inclusion and exclusion criteria for this group were analyzed by researchers from the Psychobiology Department of University Federal of Sao Paulo, in a semistructured interview that included MMSE 24, 25 and CDR to verify whether they were functionally independent. The subjects selected did not score on the CDR scale.
Exclusion criteria were reports of other neurologic diseases, abuse of psychotropic drugs or alcohol, and psychiatric disorders or depression. Volunteers with sensory or motor impairment or chronic diseases such as arterial hypertension, diabetes mellitus, or cardiopathy, were included if the latter were corrected.
At the end of this process, 78 people remained, from which 25 were selected to compose a convenience sample (paired by age and educational level) comparable to the AD sample. Table 1 shows the classification of the sample by sex, age, and education.
This study was authorized by the Ethics Committee of the University Federal of Sao Paulo, Brazil, and participants signed consent forms before research.
Procedure
After classification, all participants were tested using an extensive neuropsychologic battery with several cognitive tests. Memory was evaluated by subtests derived from the Wechsler Memory Scale (WMS) that included tasks to evaluate logical memory (narrative of stories, verbal content), visual reproduction (geometric drawings, visual memory), and associated pairs (verbal learning task), all tasks recalled immediately and after a delayed period. We also applied subtests for information, mental control (mental arithmetic task), and forward and backward digit span. This assessment was complemented with other quick application tests such as trail making (A and B) to evaluate attention and cognitive flexibility and the Colored Raven Progressive Matrices (test of intelligence through visual stimuli).
NEUROPSI was individually applied by trained testers in the first session. The examiner did not know the subject's diagnosis and scores from this battery as it was not used to generate the participants' CDR scales or AD diagnosis. Testing time for the control group was a minimum of 22 minutes and maximum of 34 minutes; for AD patients the minimum was 25 minutes and the maximum 42 minutes.
Characteristics of the Instrument
As NEUROPSI was developed for Spanish speaking Latin American populations, authorization to translate it into Portuguese was sought. To ensure the quality of the translation and its adaptation, 3 neuroscience specialists, 2 of them Portuguese speakers and 1 Spanish speaker, were asked to translate the battery and provide a back-translation to reach a consensual translation. The translated battery was subsequently applied to a small sample representative of the Brazilian population; on the basis of the results slight changes were made to the original battery's stimuli and terminology to adapt it to the Brazilian cultural context. 26 NEUROPSI comprises a number of subtests described below; the original version of the battery may 
Orientation
Questions evaluating the subject's temporal and spatial orientation (date and place) and personal data (age) were asked.
Attention and Concentration
Attention was tested by reverse repetition of digits and mental control tasks such as mentally calculating 20 to 3 (5 consecutive times); cancellation tasks are used to examine spatial hemi-inattention or visual negligence processes.
Memory
Information encoding, storage, and retrieval processes are tested. Verbal memory tasks include a series of 6 words read aloud (2 animals, 2 fruits, and 2 parts of the body), which subjects are asked to repeat; 3 trials are included: after 20 minutes (without previous warning) the 6 words are recalled (free recall), then a number of clues are provided to increase recall according to the semantic content of the word (cued recall), and finally a word recognition is required. For the visual test, the subject is asked to copy a drawing of a semicomplex figure (Rey's figure adapted for the battery); without previous warning, the drawing is recalled after 20 minutes.
Language
Evaluated through semantic fluency (naming all animals they know during 1 min) and phonologic fluency (recalling as many words as possible beginning with the letter F) tests. Comprehension subtest comprises a sheet with 4 figures (2 circles and 2 squares, large and small), on which the subject is asked to mark the figure following verbal instructions from the tester. Repetition subtest requires subjects to repeat certain words or sentences. In Naming subtest, subjects are shown 8 figures (1 at a time) of several objects and asked to name them.
Reading and Writing
The task consists of reading a story aloud and then answering 3 questions related to it. Dictation: A sentence is read aloud for the subjects to write. Copying: Subjects are asked to copy a sentence supplied in the test.
Executive Functions
Executive functions are divided into conceptual and motor subtests. Conceptual tasks include identifying similarities between pairs of stimuli (animals, fruits, parts of the body). Other tasks in this subtest include solving some mental arithmetic operations and continuing a sequence of circles and crosses. For the executive motor functions test, the subject is asked to reproduce 3 consecutive movements changing the position of the hands (initially with the right hand and then with the left), then perform alternate movements with both hands and finally respond to opposite stimuli (for instance, when a finger is shown, the subjects must respond with a fist and vice versa).
The maximum score possible for this battery is 130 points, corresponding to the sum of the subtests scores.
Statistical Analysis
The data were analyzed using Statistical Package for the Social Sciences (SPSS 11.5.1 for Windows).
Chi-square test (without Yates' correction) was used to compare nominal category data and Spearman's coefficient of correlation to evaluate relationship between continuous variables outside normal distribution.
Differences between means of continuous data for scores obtained in the NEUROPSI and MMSE tests were analyzed through parametric tests; 1-way analysis of variance test and statistically significant differences were analyzed using Bonferroni's a posteriori multiple comparison test.
Cutoff scores for each test were determined using receiver operating characteristic curves on the basis of the sensitivities and specificities of the scores obtained by each group.
All tests were 2-tailed and the probability of 0.05 or less was assumed to indicate statistical significance, except when a potential problem of multiple comparisons was identified, in which case Bonferroni's correction was used.
RESULTS
No statistically significant differences between groups were found for the variables; In the descriptive analysis of data (Table 2) , we found statistically significant differences in total scores on NEUROPSI [F(2, 72) = 286.6, P<0.001] and MMSE [F(2, 72) = 108.9, P<0.001] and the control group scored highest on both instruments, followed by group AD1 and then group AD2 (Figs. 1, 2) .
Correlation between both tests (n = 75, r 2 = 0.89, P<0.001) was also observed. When cutoff score for each test was determined, we noted that NEUROPSI was more sensitive and specific than MMSE in differentiating AD1 patients and controls, and differences were found between 
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mild-stage and moderate-stage. The respective sensitivity and specificity are shown in Table 3 . The scores on the different NEUROPSI subtests were analyzed in groups by the cognitive function being tested (descriptive data are shown in Table 4 Table 4 shows statistically significant differences across the 3 groups. Table 5 shows the cutoff scores for each subtest and under-the-curve areas, with their respective confidence levels.
DISCUSSION
NEUROPSI proved to be efficient in recognizing initial-stage AD patients as seen in the distribution of cutoff scores and high levels of sensitivity (96%) and specificity (100%) differentiating groups (control vs. AD1). Furthermore, it was sensitive enough (100%) to determine differences between mild and moderate stages of the disease, which are often overlooked by other cognitive testing instruments.
The results were expected, as this battery's original design included stimuli measuring various cognitive 
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domains that extensive cognitive neuroscience research has found to be sensitive to brain damage. Similarly, although this battery was devised and standardized for populations aged 16 years and over, it did not exclude tasks involving age-sensitive and cognitive skills. Therefore, subtests were included to evaluate cognitive functions that depend on prior knowledge of the subjects, named collectively as ''crystallized intelligence'' skills (eg, reading, general knowledge, language), and other domains that require learning new situations, or ''fluid intelligence'' skills (eg, memory, attention, and overall speed), the latter being highly sensitive in seniors affected by dementia. 20 Cognitive decline of both crystallized and fluid skills was observed even in initial stages of AD. However, more diagnostic accuracy was provided by memory tasks, followed by the orientation subtest, as shown in Table 5 . Similar results were obtained in Brazil with other cognitive testing instruments (translated into Portuguese) for AD diagnosis. [28] [29] [30] These data reaffirm the well-established conclusion that memory deficits, especially those related to the ability to learn and retain new information, characterize initialstage AD. [7] [8] [9] 31 On the other hand, although MMSE has been a popular instrument for diagnosing dementia because of its ease of application, in this study it provided less diagnostic accuracy than NEUROPSI in terms of discriminating initial-phase AD subjects.
It is also noteworthy that several studies using MMSE for AD patients have prompted controversies in relation to the test's predictive value, as some studies have shown its high specificity and low sensitivity in detecting mild-stage AD, 32, 33 whereas others have found the opposite. 34 Therefore, although apparently quite useful for quickly screening dementia patients, this instrument seems to have limitations when testing a general population unless variables such as age and education are taken into account. Explanations of discrepancies related to predictive value might be associated with the original purpose of the test, which was developed for clinical testing of cognition in bedridden hospital patients whose health was already affected. Furthermore, being a short screening test, there are few scores and highly educated subjects may score well (ceiling effect), thus missing a chance to detect the early onset of the disease. On the other hand, this test when conducted in illiterate populations tends to show lower scores that may be mistaken for dementia syndromes, confirming what several researchers, 10, 12, 20, 21, 25, 35, 36 have emphasized in relation to the ceiling and floor effects of fast-application instruments, which may often endanger the sensibility of a study.
Being aware of these shortcomings, we believe that NEUROPSI has advantages when compared with the MMSE and other neuropsychologic instruments that have been translated into Portuguese, even though it takes longer to apply than MMSE. Its predictive value was found to be quite adequate for detecting mild-stage AD patients, and its cutoff score reached a better level of sensitivity (96%) and specificity (100%) than those obtained by Porto et al 29 in their study of the dementia rating scale 37 (sensitivity 91.7% and specificity 87.8%). Furthermore, the NEUROPSI subtests were efficient in distinguishing the different groups tested (controls vs. AD1 and AD1 vs. AD2) as shown in Figures 1 and 2 .
Studies of normal and pathologic cognitive aging require instruments to be sufficiently attractive and challenging to keep individuals motivated to complete them to the best of their abilities. They must not appear very difficult for subjects with low educational level or whose cognitive skills are affected. They must be short, as many seniors tire easily, and long testing sessions are more expensive, but must not fail to provide information on residual cognitive functions, especially in the initial phases of the disease. The NEUROPSI meets several of these requirements, as its application does not take long and it includes relevant tasks that may also be analyzed qualitatively, such as retrieval of information using semantic clues, showing not only overall cognitive performance but also strategies still in use by patients in the moderate phase of dementia. This valuable data supplemented by functional scales may be of great help in 38, 39 However, a limitation of this instrument to be used in public health services (where time is a serious burden) is the time of execution (22 to 45 min), more than that required by MMSE.
Sampling for our study was devised to obtain a specific distribution of AD patients and controls, so the sample is not representative of the Brazilian seniors population. Therefore, further research is being undertaken in Brazil to facilitate more extensive application of these conclusions, with longitudinal testing and follow-up of a sample of healthy individuals, selected and classified on several variables (such as age, educational level, and cultural differences), 40, 41 in the hope that the standardized version of this battery will improve comparisons across different studies, and verify its power to distinguish AD from dementia caused by other etiologies.
Preliminary findings for the use of this battery obtained by Abrisqueta-Gomez et al 42 suggest that NEUROPSI may provide important data for devising neuropsychologic rehabilitation plans, including mental illness prevention policies, and may facilitate the task of determining basal cognitive profiles before, during, and after treatments.
